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Abstract
We consider (for the first time) the ratios of doubly heavy baryon masses (spin 3/2 over spin 1/2 and SU(3) mass-splittings) using
double ratios of sum rules (DRSR), which are more accurate than the usual simple ratios often used in the literature for getting
the hadron masses. In general, our results agree and compete in precision with potential model predictions. In our approach, the
αs corrections induced by the anomalous dimensions of the correlators are the main sources of the Ξ∗QQ − ΞQQ mass-splittings,
which seem to indicate a 1/MQ behaviour and can only allow the electromagnetic decay Ξ∗QQ → ΞQQ + γ but not to ΞQQ + π. Our
results also show that the SU(3) mass-splittings are (almost) independent of the spin of the baryons and behave approximately like
1/MQ, which could be understood from the QCD expressions of the corresponding two-point correlator. Our results can improved
by including radiative corrections to the SU(3) breaking terms and can be tested, in the near future, at Tevatron and LHCb.
Keywords: QCD spectral sum rules, baryon spectroscopy, heavy quarks.
1. Introduction
In a previous paper [1], we have considered, using double ra-
tios [2–6] of QCD spectral sum rules (QSSR) [7, 8] (DRSR),
the splittings due to SU(3) breakings of the baryons made with
one heavy quark. In this paper, we pursue this project in the
case of doubly heavy baryons. The absolute values of the dou-
bly heavy baryon masses of spin 1/2 (ΞQQ ≡ QQu) and spin
3/2 (Ξ∗QQ ≡ QQu) have been obtained using QCD spectral sum
rules (QSSR) (for the first time) in [9] with the results in GeV:
MΞ∗cc (3/2) = 3.58(5) , MΞ∗bb (3/2) = 10.33(1.09) ,
MΞcc (1/2) = 3.48(6) , MΞbb (3/2) = 9.94(91) , (1)
and in [10]:
MΞbcu = 6.86(28) . (2)
More recently [11, 12], some results have been obtained us-
ing some particular choices of the interpolating currents. The
predictions for MΞ∗cc and MΞcc are in good agreement with the
experimental candidate MΞcc = 3518.9 [13]. We shall also im-
prove these previous predictions by working with the DRSR
for estimating the mass ratio of the 3/2 over the 1/2 baryons
and shall compare them with some potential model predictions
[10, 14–16].
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2. The interpolating currents and the two-point correlator
For the spin 1/2 QQq baryons
¯
, and following Ref. [9], we
work with the lowest dimension currents:
JΞQ = ǫαβλ
[
(QTαCγ5qβ) + b(QTαCqβ)γ5
]
Qλ, (3)
where q ≡ d, s are light quark fields, Q ≡ c, b are heavy quark
fields, b is a priori an arbitrary mixing parameter. Using the
b-stability criterion of the QSSR results for the masses and cou-
plings, the optimal values of these observables have been found
for:
b = −1/5 , (4)
in the case of light baryons [17] and in the range [1, 18–20]:
− 0.5 ≤ b ≤ 0.5 , (5)
for non-strange heavy baryons . The corresponding two-point
correlator reads:
S (q) = i
∫
d4x eiqx 〈0|T JΞQ (x)JΞQ (0)|0〉
≡ qˆF1 + F2 , (6)
where 2: qˆ ≡ /q. The invariants F j ( j = 1, 2) obey the dispersion
relation:
F j(q2) =
∫ ∞
(2MQ+mq)2
dt
t − q2 − iǫ
1
π
ImF j(t) + . . . , (7)
where . . . indicate subtraction constants and −q2 ≡ Q2 > 0.
For the spin 3/2 QQq baryons
¯
, we also follow Ref. [9] and
work with the interpolating currents:
Jµ
Ξ∗Q
=
√
1
3 ǫαβλ
[
2(QTαCγµdβ)Qλ + (QTαCγµQβ)qλ
]
(8)
2We use the notation in the Landau and Lifchitz’s book.
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The corresponding two-point correlator reads:
S µν(q) = i
∫
d4x eiqx 〈0|T JµΞ∗Q (x)J
ν
Ξ∗Q
(0)|0〉
≡ gµν (qˆF1 + F2) + . . . , (9)
3. The two-point correlator in QCD
The expressions of the two-point correlator using the previ-
ous interpolating currents have been obtained in the chiral limit
mq = 0 and including the mixed condensate contributions by
[9]. In this paper, we extend these results by including the lin-
ear strange quark mass corrections to the perturbative and 〈s¯s〉
condensate contributions. We shall use the same normalizations
as in [9].
For the spin 1/2 baryons
¯
, these corrections read:
ImFms1 |pert =
3msm3Q
28 π3
(1 − b2)
[
6Lv(2x2 − 1)
+v
(
6x + 1 + 2
x
) ]
,
ImFms2 |pert =
msm
4
Q
29 π3
12Lv[2x(5b2 + 2b + 5)
−3(3b2 + 2b + 3)
]
+
v
[
12(5b2 + 2b + 5)
+
4
x
(5b2 + 8b + 5) + 1
x2
(1 − b)2
] ,
ImFms1 | s¯s =
ms〈s¯s〉
28π
v[7b2 + 4b + 7 +
8
(
b2 + b + 1
)
x
]
+
3
v
(1 + b2)
 ,
ImFms2 | s¯s = 3
msmQ〈s¯s〉
27π
(
1 − b2
) (
3v + 1
v
)
. (10)
For the spin 3/2 baryons
¯
, these corrections read:
ImFms1 |pert =
msm
3
Q
24 π3x
[
6 Lv
(
2x2 − 1
)
x +
v(6x2 + x + 2)
]
,
ImFms2 |pert =
msm
4
Q
192 π3x2
[
24 Lv(x2 + 6x − 5)x2 +
v(12x3 + 74x2 + 10x + 3)
]
,
ImFms1 | s¯s = −
ms〈s¯s〉
96 π
[
v(4x − 3) − 5
v
]
,
ImFms2 | s¯s = −
msmQ〈s¯s〉
6 πv (2x − 1) , (11)
with:
x ≡
m2Q
t
, v ≡
√
1 − 4x , Lv ≡ log
(
1 + v
1 − v
)
, (12)
4. Form of the sum rules and QCD inputs
We shall work with the exponential sum rules [7, 24, 25]:
Fi(τ) =
∫ ∞
tq
dt e−tτ 1
π
ImFi(t) , (i = 1, 2) , (13)
(τ ≡ 1/M2 is the sum rule variable) from which, one can derive
the following ratios:
Rqi (τ) ≡ −
d
dτ lnFi =
∫ ∞
tq
dt t e−tτ ImFi(t)∫ ∞
tq
dt e−tτ ImFi(t)
, (i = 1, 2) ,
Rq21(τ) ≡
F2
F1
=
∫ ∞
tq
dt e−tτ ImF2(t)∫ ∞
tq
dt e−tτ ImF1(t)
, (14)
used in the sum rule literature for extracting the baryon masses.
We parametrize the spectral function using the standard duality
ansatz: “one resonance”+ “QCD continuum”. The QCD con-
tinuum starts from a threshold tc and comes from the disconti-
nuity of the QCD diagrams, which is consistent with a matching
of the QCD and the experimental sides of the sum rules for large
t. The value of tc is not arbitrary as its value obtained inside the
region of tc-stablity of the sum rule is correlated to the ground
state mass and coupling [21]. This simple duality model has
been successfully tested in the literature when a complete data
for the spectral functions are available, like e.g., e+e− to I=1
hadrons or to charmonium data [8] 3. Transferring the QCD
continuum contribution to the QCD side of the sum rules, one
obtains the finite energy inverse Laplace sum rules:
|λB(∗)q |
2MB(∗)q e
−M
B(∗)q
2τ
=
∫ tc
tq
dt e−tτ 1
π
ImF2(t) ,
|λB∗q |2 e
−M
B(∗)q
2τ
=
∫ tc
tq
dt e−tτ 1
π
ImF1(t) , (15)
where λB(∗)q and MB(∗)q are the heavy baryon residue and mass
from which one can derive the FESR analogue of the ratios of
sum rules. Consistently, we also take into account the SU(3)
breaking at the continuum threshold 4:
√
tc|S U(3) ≃
(√
tc|S U(2) ≡
√
tc
)
+ m¯s . (16)
m¯s is the running strange quark mass. As we do an expansion
in ms, we take the threshold tq = 4m2Q for consistency. mQ is the
heavy quark mass, which we shall take in the range covered by
3More involved parametrizations of the continuum can also be proposed
(see e.g. [22] for non-resonant final states within ChPT or [23] for a t-dependent
tc model.). However, it is easy to check in the harmonic oscillator model dis-
cussed in [23] that the 5% uncertainties induced e.g. by a t-dependent contin-
uum model on the ratio of moments will be negligible in the double ratio of
sum rule (DRSR) defined in Eq. (20) as the leading corrections coming from
light-quark flavour-independent terms will largely cancel out. This cancella-
tion of the QCD continuum contribution will be signaled by the large range of
tc-stability region obtained in our analysis.
4As we have done an expansion in terms of ms, the quark threshold has to
be taken at 4m2Q but not at (2mQ + ms)2 .
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the running and on-shell mass (see Table 1) because of its am-
biguous definition when working to LO. At the τ-stability point
of the FESR analogue of the ratios of sum rules, one obtains:
MB(∗)q ≃
√
Rqi ≃ R
q
21 , (i = 1, 2) . (17)
These predictions lead to a typical uncertainty of 10-15% [9,
19, 20], which are not competitive compared with predictions
from some other approaches, especially from potential models
[14]. In order to improve the QSSR predictions, we work with
the double ratios of finite energy sum rules (DRSR) 5:
rsdi ≡
√
Rsi
Rdi
(i = 1, 2) ; rsd21 ≡
Rs21
Rd21
. (18)
which take directly into account the SU(3) breaking effects.
These quantities are obviously less sensitive to the choice of the
heavy quark masses and to the value of the continuum threshold
than the simple ratios Ri and R21 6. For the numerical analysis
we shall introduce the RGI quantities µˆ and mˆq [26]:
m¯q(τ) =
mˆq(
− log √τΛ
)2/−β1
〈q¯q〉(τ) = −µˆ3q
(
− log √τΛ
)2/−β1
〈q¯Gq〉(τ) = −µˆ3q
(
− log √τΛ
)1/−3β1 M20 , (19)
where β1 = −(1/2)(11 − 2n/3) is the first coefficient of the
β function for n flavours. We have used the quark mass and
condensate anomalous dimensions reviewed in [8]. We shall
use the QCD parameters in Table 1:
– We shall not include the 1/q2 term discussed in [27, 28],which
is consistent with the LO approximation used here as the latter
has been motivated for a phenomenological parametrization of
the larger order terms of the QCD series.
– We have used the value of κ ≡ 〈s¯s〉/〈 ¯dd〉 from [1] which
we consider as improvements of the ones from light meson
systems [8, 29–31], where the one from the scalar channel
suffers from the unknown nature of the κ meson, while the
one from the pseudoscalar channel depends on the theoretical
appreciation of the π′ meson contribution into the spectral
function [8, 22]. However, the different estimates agree each
others within the errors. To be conservative, we have multiplied
the original error in [1] by 2.
– For the gluon condensate, we have used the estimate from
heavy quarkonia and e+e− data [21, 24, 32–37]. We do
not expect that the estimate from τ-decays is reliable as its
contribution acquires an extra-αs term in the τ width compared
5Analogous DRSR quantities have been used successfully (for the first time)
in [3] for studying the mass ratio of the 0++/0−+ and 1++/1−− B-mesons, in [4]
for extracting fBs/ fB, in [5] for estimating the D → K/D → π semi-leptonic
form factors and in [6] for extracting the strange quark mass from the e+e− →
I = 1, 0 data.
6One may also work with the double ratio of moments Mn based on differ-
ent derivatives at q2 = 0 [3]. However, in this case the OPE is expressed as an
expansion in 1/mQ , which for a LO expression of the QCD correlator is more
affected by the definition of the heavy quark mass to be used.
to the one in the two-point correlator [38], while its value,
in this process, can also be affected by the treatments of the
large order PT series [27, 32]. However, the effect of the
gluon condensate is not important in our analysis of the SU(3)
breaking as it disappears like some other flavour-independent
contributions in the DRSR.
– For the heavy quark masses, we use the range spanned by the
running MS mass mQ(MQ) and the on-shell mass from QSSR
compiled in page 602, 603 of the book in [8].
Table 1: QCD input parameters. The values of Λ, mˆs and µd have been obtained from
αs(Mτ) = 0.325(8) [32] and from the running masses: ms(2) = 96.1(4.8) MeV and md(2) =
5.1(2) MeV [29]. The original errors for κ and 〈αsG2〉 have been multiplied by 2.
Parameters Values Ref.
Λ(n f = 4) (324 ± 15) MeV [13, 32]
Λ(n f = 5) (194 ± 10) MeV [13, 32]
mˆs (114.5 ± 20.8) MeV [6, 8, 13, 29]
µˆd (263 ± 7) MeV [8, 29]
κ ≡ 〈s¯s〉/〈 ¯dd〉 (0.74 ± 0.06) [1, 8, 29, 31]
M20 (0.8 ± 0.1) GeV2 [3, 17, 39]
〈αsG2〉 (6 ± 2) × 10−2 GeV4 [21, 24, 32–37]
mc (1.26 ∼ 1.47) GeV [8, 13, 29, 37, 40]
mb (4.22 ∼ 4.72) GeV [8, 13, 29, 37, 40]
5. The Ξ∗QQ/ΞQQ mass ratio
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Figure 1: Charm quark: b-behaviour of the different DRSR given τ = 0.8
GeV−2 and tc = 25 GeV2 . r3/11 dot-dashed line (red); r3/12 continuous line
(green); r3/112 dashed line (blue). We have used mc = 1.26 GeV and the otherQCD parameters in Table 1.
We extract the mass ratio using the DRSR analogue of the one
in Eq. (18) which we denote by:
r
3/1
i ≡
√
R3i
R1i
: i = 1, 2 ; r3/121 ≡
R321
R121
, (20)
where the upper indices 3 and 1 correspond respectively to the
spin 3/2 and 1/2 channels. We use the QCD expressions of the
two-point correlators given by [9] which we have checked. We
notice like [9] that the mixed quark condensate contribution has
a term which behaves like 1/v3 (where v is the heavy quark ve-
locity), which signals a coulombic correction and would require
a complete treatment of the non-relativistic coulombic correc-
tions which is beyond the aim of this paper. Therefore, in our
analysis, we truncate the QCD series at the dimension-4 con-
densates until which we have calculated the ms corrections. We
3
shall only include the effect of the mixed condensate (if nec-
essary) for controlling the accuracy of the approach or for im-
proving the τ or/and tc stability of the analysis.
T
¯
he charm quark channel to lowest order in αs
Fixing τ = 0.8 GeV−2 and tc = 25 GeV2, which are inside
the τ- and tc-stability regions (see Figs. 2 and 3), we show in
Fig. 1 the b-behaviour of r3/1 which shows that r3/11 and r
3/1
2 are
very stable but not r3/112 . We then disfavour r
3/1
12 . Some common
solutions are obtained for:
b ≃ −0.35 , and b ≃ +0.2 , (21)
which are inside the range given in Eq. (5). For definiteness,
we fix b = −0.35 (the other value b = 0.2 gives the same result)
and study the τ-dependence of the result in Fig. 2. We have
checked in Fig. 2b that the inclusion of the mixed condensate
contribution does not affect the result from r3/1i (i = 1, 2) ob-
tained by retaining only the dimension-4 condensates (Fig. 2a)
but affects the one from r3/112 . Therefore, we shall only retain the
results from r3/1i (i = 1, 2) and show their tc-dependence in Fig.
3. The large stability in tc confirms our expectation of the weak
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Figure 2: Charm quark: a) τ-behaviour of r3/11 : dot-dashed line (red), r
3/1
2 :
continuous line (green) and r3/112 dashed line (blue) with b = −0.35 and tc = 25
GeV2 . b) the same as a) but when the mixed condensate is included.
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Figure 3: Charm quark: tc-behaviour of r3/11 : dot-dashed line (red) and r3/12 :
continuous line (green) with b = −0.35 and τ = 0.8 GeV−2.
tc-dependence of the DRSR and then on the non-sensitivity of
the results on the exact form of the QCD continuum including
an eventual slight t-dependence of tc advocated in [23]. In these
figures, we have used mc = 1.26 GeV. We have also checked
that the results are insensitve to the change of the charm mass
to mc = 1.47 GeV. From these previous analysis, we deduce to
lowest order from r3/1i (i = 1, 2):
MΞ∗cc
MΞcc
= 0.9994(3) . (22)
The tiny error is the quadratic sum due to 〈αsG2〉, mc and αs.
T
¯
he bottom quark channel to lowest order in αs
We extend the analysis to the case of the bottom quark.
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Figure 4: Bottom quark: a) τ-behaviour of r3/11 : dot-dashed line (red), r3/12 :
continuous line (green)and r3/112 : dashed line (blue) with b = −0.35 and tc = 100
GeV2; b) the same as a) but when the mixed condensate is included into the
OPE.
80 100 120 140 160 180 200
0.999992
0.999995
0.999997
1
1
1.00001
1.00001
Figure 5: Bottom quark: tc-behaviour of r3/11 : dot-dashed line (red) and r3/12 :
continuous line (green) with b = −0.35 and τ = 0.6 GeV−2.
The corresponding curves are qualitatively similar to the charm
quark one. We take b = −0.35 like in the case of the charm
quark. The τ-stability is reached for τ ≥ 0.6 GeV−2 as shown in
Fig. 4, where we also see that r3/112 is more affected by the mixed
condensate contributions than r3/1i . Therefore, we shall elimi-
nate it from our choice. Another argument raised later about
the radiative corrections does not also favour r3/112 . In Fig. 4,
we study the tc-stability of r3/1i which is reached for tc ≥ 95
GeV2. Within these optimal conditions, one deduces from r3/1i
to lowest order:
MΞ∗bb
MΞbb
= 1.0000 . (23)
4
E
¯
stimate of the O(αs) corrections
Radiative corrections due to αs are known to be large in the
baryon two-point correlators [17, 41]. However, one can easily
inspect that in the simple ratios R3i and R1i these huge correc-
tions cancel out, while its only remain the one induced by the
anomalous dimension of the baryon operators. Including the
anomalous dimension γ= 2(resp -2/3) for the spin 1/2 (resp 3/2)
baryons [17], one can generically write the PT expressions of
the moment sum rule defined in Eq. (13) to leading order in
t/m2Q, which is a crude approximation but very informative:
Fi(τ)|pert ≈ (αs(τ))−
γ
β1 Ai τ−3
(
1 + Ki
αs
π
)
, (24)
where β1 is the first coefficient of the β-function; Ai is a known
LO expression; Ki is the radiative correction which is known
in some cases of light and heavy baryons [17, 41]. From the
previous expression in Eq. (24), one can derive the ratio of sum
rules defined in Eq. (14) and then the DRSR in Eq. (18):
r
3/1
i |NLOpert ≃ r3/1i |LOpert ×
1 + 29 αsπ + O
(
α2s , M
2
Qτ
)  . (25)
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Figure 6: Charm quark: a) τ-behaviour of r3/11 : dot-dashed line (red) and
r
3/1
2 : continuous line (green) with b = −0.35, tc = 25 GeV2 where radiative
corrections have been included. Bottom quark: b) the same as in a) but for the
bottom quark. We use b = −0.35 and tc = 100 GeV2
It is important to notice for r3/1i that the radiative correction has
been only induced by the ones due to the anomalous dimen-
sions, while the one due to Ki cancels out to this order. This is
not the case of r3/112 where the radiative correction is only due to
K2 − K1 and needs to be evaluated which is beyond the aim of
this letter. Therefore, in the following, we shall only consider
the results from r3/1i . In our numerical analysis, we shall in-
clude the αs correction into the complete LO expressions of the
correlators. We show the τ-dependence of the DRSR in Fig. 6.
We shall take the range of τ-values where the LO expressions
have τ-stability which is (0.7-1) GeV−2 for charm and (0.5-0.8)
GeV−2 for bottom (see Figs. 2 and 4). One can also notice that
the NLO DRSR for charm presents a τ-extremum in the above
range (0.7-1) GeV−2 of τ rendering its prediction more reliable
than for the bottom channel case. We can deduce :
MΞ∗cc
MΞcc
= 1.0167(10)αs(16)mc ,
MΞ∗bb
MΞbb
= 1.0019(3)αs(2)mb .(26)
This would correspond to the mass-splittings (in units of MeV):
MΞ∗cc − MΞcc = 59(7) , MΞ∗bb − MΞbb = 19(3) , (27)
if one uses the experimental value 3.52 GeV of the Ξcc mass
which agrees with the QSSR prediction in Eq. (1). For the Ξbb
mass, we have used the central value 9.94 GeV in Eq. (1) . The
ccq mass-splitting is comparable with the one of about 70 MeV
from potential models [10, 14] but larger than the one of about
24 MeV obtained in [16] . The bbq mass-splitting also agrees
with potential models and seems to indicate a 1/Mb behaviour
which is also seen on the lattice [42]. Our result excludes the
possibility that MΞ∗QQ ≥ MΞQQ + mπ, indicating that it can only
decay electromagnetically:
MΞ∗QQ → MΞQQγ , MΞ∗QQ 6→ MΞQQπ . (28)
A future discovery of the Ξ∗cc and Ξ∗bb can infirm or support our
predictions given to that order of QCD perturbative series. We
consider the previous results as an improvement of the former
ones deduced from the mass values in Eq. (1) obtained by [9]:
MΞ∗cc
MΞcc
≃ 1.03 ± 0.03 ,
MΞ∗bb
MΞbb
= 1.04 ± 0.23 . (29)
6. The ΩQQ/ΞQQ mass ratio
We use the DRSR in Eq. (18) where their QCD expressions
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Figure 7: Ωcc/Ξcc : a) τ-behaviour of rsd2 (cc): continuous line (green) and
rsd1 (cc): dot-dashed line (red) in the charm quark channel for b = −0.35, tc = 12
GeV2 and mc = 1.26 GeV. b) tc-behaviour of rsd1 (cc) for τ = 1 GeV−2: dot-
dashed line (red)
can be obtained from the one of the two-point correlator in [9]
and the new quark mass corrections in Eq. (10). One can also
deduce from Eq. (24) that the light-flavour independent radia-
tive corrections including the one due to the anomalous dimen-
sions disappear in the SU(3) breaking DRSR, while the most
relevant radiative corrections are the one corresponding to the
ms and 〈s¯s〉 terms which are beyond the scope of the LO anal-
ysis in this paper. We show in Fig. 7a the τ-behaviour of the
DRSR for mc = 1.26 GeV and b = −0.35 for a given tc = 10
GeV2. We have not shown rsd12(cc) which is the lesser stable
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Figure 8: Ωbb/Ξbb : a) τ-behaviour of rsd1 (bb): dot-dashed line (red) in the
bottom quark channel for b = −0.35, tc = 100 GeV2 and mb = 4.22 GeV. b)
tc-behaviour of rsd1 (bb) for τ = 0.5 GeV−2: dot-dashed line (green)
among the three. We see that the most stable result is given by
rsd1 (cc). We show in Fig. 7b the tc-behaviour of rsd1 (cc) for a
given τ = 1 GeV−2. We deduce from the previous analysis:
rsd1 (cc) ≡
MΩcc
MΞcc
= 1.026(5)mc(2)s¯s(4)ms , (30)
where the sub-indices indicate the different sources of errors
(the parameters not mentioned induce negligible errors). This
ratio corresponds to :
MΩcc − MΞcc = 92(24) MeV , (31)
where we have taken the experimental value MΞcc ≃ 3.52 GeV
from [13]. The errors induced by the other parameters in Table
1 are negligible. We perform an analogous analysis in the b-
channel, which we show in Fig. 8. In this case, we obtain:
rsd(bb) ≃ 1.0049(7)mb(3)s¯s(10)ms , (32)
which corresponds to:
MΩbb − MΞbb = 49(13) MeV , (33)
when we take the value MΞbb ≃ 9.94 GeV from [9]. Our results
indicate an approximate decrease like 1/mQ of the mass split-
tings from the c to the b quark channels. This behaviour can
be qualitatively understood from the QCD expressions of the
corresponding correlator, where the ms corrections enter like
ms/mQ, and which can be checked using some alternative meth-
ods.
7. The Ω∗QQ/Ξ
∗
QQ mass ratio
We pursue our analysis for the spin 3/2 baryons. The QCD ex-
pression of the ratios of moments can be obtained from the ones
of the two-point correlator in [9] and the new mass corrections
given in Eq. (11). Including the contributions of the dimension-
4 condensates, we show your analysis in Fig. 9. One can see in
Fig. 9a that rsd1 and r
sd
2 are quite stable versus τ from τ ≥ 0.4
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Figure 9: Ω∗
cc
/Ξ∗
cc
: a) τ-behaviour of rsd1 (cc)∗: dot-dashed line (red) and
rsd2 (cc)∗: continuous line (green) in the charm quark channel for tc = 20 GeV2
and mc = 1.26 GeV. b) tc-behaviour of rsd1 (cc)∗ and rsd2 (cc)∗for τ = 0.7 GeV−2
0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
0.99
0.995
1
1.005
80 90 100 110 120
1.0048
1.00485
1.0049
1.00495
Figure 10: Ω∗bb/Ξ
∗
bb : a) τ-behaviour of r
sd
1 (bb)∗: dot-dashed line (red) and of
rsd2 (bc): continuous line (green) in the bottom quark channel for tc = 100 GeV2
and mb = 4.22 GeV. b) tc-behaviour of rsd1 (bb)∗ for τ = 0.5 GeV−2
GeV−2. In Fig. 9b, we show the tc-behaviour of rsd1 and r
sd
2
given τ. We deduce at the stability regions:
rsd(cc)∗ ≡ MΩ∗cc
MΞ∗cc
= 1.026(4)s¯s(4)ms (6)mc(1)tc , (34)
where the errors coming from other parameters than s¯s are neg-
ligible. This implies:
MΩ∗cc − MΞ∗cc = 94(27) MeV , (35)
where we have used MΞ∗cc ≃ 3.58 GeV from Eq. (31) and the
experimental value of MΞcc . We show in Fig. 10 the analogous
analysis for the bottom channel. We deduce:
rsd(bb)∗ ≡
MΩ∗bb
MΞ∗bb
= 1.0050(3)s¯s(10)ms(4)τ(10)mb , (36)
where the error is again mainly due to 〈s¯s〉, the others being
negligible. This implies:
MΩ∗bb − MΞ∗bb = 50(15) MeV , (37)
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where we have used MΞ∗bb ≃ 9.96 GeV using our prediction
in the previous section. This result agrees with the potential
model one of about 60 MeV given in [10]. Again like in the
case of spin 1/2 baryons, the SU(3) mass-differences appears
to behave like the inverse of the heavy quark masses, which
can be inspected from the QCD expressions of the two-point
correlator. One can also observe that the mass-splittings are
almost the same for the spin 1/2 and spin 3/2 baryons.
8. The Ωbc/Ξbc mass ratio
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Figure 11: Ωbc/Ξbc : b behaviour of rsd1 (bc): dot-dashed line (red); rsd2 (bc):
continuous line (green), and rsd12(bc): dashed line (blue) for tc = 50 GeV2,
τ = 0.8 GeV−2, mc = 1.26 GeV and mb = 4.22 GeV.
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Figure 12: Ωbc/Ξbc a): τ-behaviour of rsd1 (bc): dot-dashed line (red) and
rsd2 (bc): continuous line (green) for k = −0.05, tc = 50 GeV2 and mc = 1.26
GeV. b): tc-behaviour of rsd1 (bc) and rsd2 (bc) for τ = 0.9 GeV−2 and k = −0.05.
The Ξ(bc) and the Ω(bc) spin 1/2 baryons can be described by
the corresponding currents:
JΞbc = ǫαβλ
[
(cTαCγ5dβ) + k(cTαCdβ)γ5
]
bλ,
JΩbc = JΛbc (d → s) , (38)
where d, s are light quark fields, c, b are heavy quark fields and
k is a priori an arbitrary mixing parameter. The expression of
the corresponding two-point correlator has been obtained in the
chiral limit md = ms = 0 by Refs. [9, 10]. We have checked
these expressions which we complete here by adding the ms-
corrections for the PT and quark condensate contributions. The
expressions of these corrections are:
ImFmq1 |pert = −
msmc(1 − k2)
128 π3 t2
6 L1 [(m2c t2 − 2m4bm2c)]
+6 L2m2c t2 − λbc
[
2t2 +
(
5m2c − 4m2b
)
t
−m4c + 5m2bm2c + 2m4b
]
ImFms1 | s¯s =
msß(1 + k2)
32 π t3
λbc[t2 + (m2b + m2c)t
−2(m2b − m2c)2] +
2
λbc
[(m4b + m4c)t2
−2(m2b + m2c)(m2b − m2c)2t + (m2b − m2c)4]
,
(39)
ImFms2 |pert = −
3msmcmb(1 + k2)
64 π3t
[
2 L1[(m2b + m2c)t −
2m2bm
2
c] − 2 L2
(
m2b − m2c
)
t
−λbc
[
s + m2b + m
2
c
] ]
ImFms2 | s¯s =
msmbß(1 − k2)
16 πt2
[
λbc
(
t − m2b + m2c
)
+
1
λbc
[m2bt2 +
(
m4c + m
2
bm
2
c − 2m4b
)
t
+
(
m2b − m2c
)3]] , (40)
where:
v =
√
1 − 4m
2
bm
2
c
(t − m2b − m2c)2
, λ
1/2
bc = (t − m2b − m2c)v
L1 = 12 log
1 + v
1 − v
L2 = log
(m2b + m2c)t + (m2b − m2c)(λ1/2bc − m2b + m2c)
2mbmct
.
(41)
Like in previous sections, we study the different ratios of mo-
ments in Figs. 11 and 12. As one can see in Fig. 11a, rsd1 (bc)
and rsd2 (bc) are quite stable in k and present common solutions
for :
k = ±0.05 , (42)
inside the range given in Eq. (5), while rsd12(bc) does not inter-
sect with the other DRSR. The τ and tc behaviours given in Fig.
12a,b are also very stable from which we deduce the DRSR:
rsd(bc) ≡ MΩbc
MΞbc
= 1.006(0.2)s¯s(1.4)ms(1)mQ , (43)
where the errors coming from other parameters are negligible.
This implies:
MΩbc − MΞbc = 41(7) MeV , (44)
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where we have used the QSSR central value MΞbc ≃ 6.86 GeV
in Eq. (2). The size of the mass-splitting can be compared
with the potential model prediction about (70-89) MeV given
in [10, 15].
Table 2: QSSR predictions for the doubly heavy baryons mass ratios and splittings, which
we compare with the Potential Model (PM) range of results in [10, 15]. The PM prediction
for the spin 3/2 is an average with the one for spin 1/2. The mass inputs are in GeV and
the mass-splittings are in MeV.
Mass ratios Mass inputs Mass plittings PM
Ξ∗cc/Ξcc = 1.0167(19) Ξcc = 3.52[13] Ξ∗cc − Ξcc = 59(7) 70-93
Ξ∗bb/Ξbb = 1.0019(3) Ξbb = 9.94[9] Ξ∗bb − Ξbb = 19(3) 30-38
Ωcc/Ξcc = 1.0260(70) Ξcc = 3.52[13] Ωcc − Ξcc = 92(24) 90-102
Ωbb/Ξbb = 1.0049(13) Ξbb = 9.94[9] Ωbb − Ξbb = 49(13) 60-73
Ω∗cc/Ξ∗cc = 1.0260(75) Ξ∗cc = 3.58 ∗) Ω∗cc − Ξ∗cc = 94(27) 91-100
Ω∗bb/Ξ
∗
bb = 1.0050(15) Ξ∗bb = 9.96 ∗) Ω∗bb − Ξ∗bb = 50(15) 60-72
Ωbc/Ξbc = 1.0060(17) Ξbc = 6.86[10] Ωbc − Ξbc = 41(7) 70-89
∗) We have combined your results for the mass-splittings with the experi-
mental value of MΞcc and with the central value of MΞbb in Eq. (1).
9. Conclusions
Our different results are summarized in Table 2 and agree
in most cases with the potential model predictions given in
[10, 14]:
– The mass-splittings between the spin 3/2 and 1/2 baryons, de-
rived in Eqs. (22) and (23) is essentially due to the radiative
corrections in our approach and seems to behave like 1/MQ.
– For the SU(3) mass-splittings, our results, derived in Eqs. (31)
and (33) for the spin 1/2 and in Eqs. (35) and (37) for the spin
3/2, indicate that the splittings due to the SU(3) breaking are
almost independent on the spin of the heavy baryons but ap-
proximately behave like 1/MQ. These mass-behaviours can be
qualitatively understood from the QCD expressions of the cor-
responding correlators where the leading mass corrections be-
have like ms/mQ.
– Finally, we obtain, in Eq. (44), the SU(3) mass-splittings be-
tween theΩ(bcs) andΞ(bcd), which is about 1/2 of the potential
model prediction.
Our previous predictions can improved by including radiative
corrections to the SU(3) breaking terms and can be tested, in
the near future, at Tevatron and LHCb.
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